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Abstract. The ichnospecies Cuniculonomus parallelus Givulescu, 1984 and Stigmellites serpentina Kozlov, 1988 are 
recorded for the first time in Argentina and the new ichnospecies Cuniculonomus saltensis n. ichnosp., Stigmellites vitatus 
n. ichnosp. and Stigmellites pervenae n. ichnosp. are defined from two Miocene localities: Peñas Blancas and Quebrada 
del Horno, from northwestern Argentina. A set of  characters to identify fossil linear mines is provided as well as 
five ichnotaxobases to differentiate the ichnogenera Cuniculonomus, Stigmellites and Phytomyzites. Two ichnospecies are 
now revised and included in Phytomyzites: P. arcuata (Krassilov, 2008a) comb. nov. (Ophionoma) and P. crucitracta (Kras-
silov, 2008a) comb. nov. (Troponoma). Finally, a review of  fossil record of  linear mines is provided. 
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IntroductIon
Leaf  mines are endophytic interactions, cau-
sed by insect larvae which excavate tunnels within 
the parenchyma, epidermis or other internal tis-
sues of  leaves but leaving intact the outer cell la-
yers (Hering 1951). Leaf-miner species are known 
in the orders Lepidoptera, Diptera, Coleoptera and 
Hymenoptera (Needham et al. 1928; Hering 1951). 
The three basic morphotypes of  mines are linear, 
blotch and trumpet types-shaped, the latter being a 
combination of  the two first ones (Needham et al. 
1928). Although these three shapes are known on 
fossil leaves (Labandeira et al. 2007), linear mines 
are the oldest and have the broader record. Most 
linear mines described in the fossil record have been 
assigned to Lepidoptera, especially the family Nep-
ticulidae (Kozlov 1988; Sohn et al. 2012; Donovan 
et al. 2014; Doorenweerd et al. 2015), and to a lesser 
extent to Agromyzidae (Diptera) (Straus 1977; Win-
kler et al. 2010).
Demonstrable linear mines are known since 
the Triassic (Rozefelds 1985; Rozefelds & Sobbe 
1987; Zherikhin 2002; Scott et al. 2004; Labandeira 
2006; Krassilov & Karasev 2008) and their records 
are increasing throughout the Mesozoic and the 
Cenozoic (Hickey & Hodges 1975; Liebhold et al. 
1982; Kuroko 1987; Scott et al. 1992; Labandeira et 
al. 1994; Labandeira 1998; Krassilov 2007; Krassi-
lov & Shuklina 2008; Donovan et al. 2014). Most of  
these records come from the Northern Hemisphere, 
mainly Europe and USA (Opler 1973, 1982; Lang et 
al. 1995; Krassilov 2008a; Wappler et al. 2009; Wap-
pler 2010). In South America, Adami-Rodrigues et 
al. (2011) described a linear mine of  nepticulid ori-
gin, in a gymnosperm leaf  from the Triassic of  Bra-
zil. Martins-Neto (1989) reported the ichnospecies 
Nepticula? almeidae on cf. Symplocos (Symplocaceae) 
from the Oligocene from the southern of  Brazil. 
Horn et al. (2011) described linear mines in Malva-
ciphyllum quenquiadensis (Malvaceae) from the middle 
Miocene and Nectandra saltensis (Lauraceae) from the 
late Miocene of  northwestern Argentina. 
In recent decades, ichnotaxonomy has assu-
med a leading role in the study of  fossil plant-insect 
associations.  In particular, the ichnotaxonomy of  
linear leaf  mines has been better developed compa-
red with other plant-insect damages (see Appendix). 
Historically, many ichnotaxa were named according 
to the inferred producer, contrary to the princi-
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ples of  ichnotaxonomy. In addition, the diagnosis 
of  most ichnotaxa are incomplete and lack relevant 
characters.  Examples include the ichnogenera Nep-
ticula, Tinea, Stigmellites and Phytomyzites (von Heyden 
1862; Fritsch 1882; Kernbach 1962; Straus 1977; 
Givulescu 1984; Koslov 1988; Jarzembowski 1989; 
Martins-Neto 1989). These designations differ from 
those of  other authors who have considered only 
morphological characters of  fossil mines for nomen-
clature, such as Cuniculonomus and Foliofossor reported 
by Straus (1977) and Jarzembowski (1989) respecti-
vely. The ichnogenus Phytomyzites is unique in having 
a diagnosis based only on morphological characters, 
which provides useful characters for comparison to 
other ichnogenera. However, the diagnosis of  the 
two other ichnogenera described here (Cuniculonomus 
and Stigmellites) include interpretative attributions cir-
cunscribing the inferred producer insect, which are 
consider inappropriate in the ichnotaxonomical no-
menclature (Kelly 1990; Bertling et al. 2006). Despi-
te numerous studies focused in ichnotaxonomy of  
fossil mines, there is a confusion in several aspects, 
including inconsistencies in diagnosis mentioned 
above. For this reason, it is important to establish so-
lid criteria to define ichnotaxa based on the ichnota-
xonomical principles.   
The objectives of  this report are: 1) to descri-
be the three new ichnospecies of  linear leaf  mines 
of  Cuniculonomus saltensis n. ichnosp., Stigmellites vitatus 
n. ichnosp., and Stigmellites pervenae n. ichnosp.; 2) to 
document for the first time the ichnospecies Cunicu-
lonomus parallelus and Stigmellites serpentina from the late 
Miocene of  Argentina; and 3) to propose a set of  
morphological characters to differentiate the ichno-
genera Cuniculonomus, Stigmellites and Phytomyzites for 
linear leaf  mines.
Fig. 1 - Map showing the fossil lo-
calities of  Peñas Blancas and 
Quebrada del Horno (edited 
from Galli et al. 2011).
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Character sets used in the identification 
and ichnotaxonomy of  fossil linear mines
Oviposition: The oviposition site is located 
anywhere on the leaf. Scarring around the oviposi-
tions can be present or not. The shape varying from 
circular to lenticular (Winkler et al. 2010). Oviposi-
tions can be single or are associated to circular pun-
cture marks (Winkler et al. 2010; Jud & Sohn 2016). 
Course: Linear mines show different degrees 
of  sinuosity; there are mines with several shifts in 
sinuosity and frequency, resulting in a trajectory 
that is nearly straight or slightly sinuous (Givulescu 
1984; Lewis 1969). Those that are more sinuous, are 
named “serpentine mines” and include two other 
types; “heliconoma” (highly sinuous, sometimes 
they are thick and highly coiled in the proximal 
section) and “visceronoma” (intestiniform mines) 
(Doorenweerd et al. 2015).
Position in the leaf: Mines can be deployed 
anywhere in the foliar lamina; some mines cross 
the primary vein (Wappler & Denk 2011), whereas 
others are limited to one half  of  a lamina delimited 
by a midvein and the lamina margin (Kuroko 1987; 
Hickey & Hodges 1975) or even enclosed between 
two secondary veins (Peñalver & Delclòs 2004; Paik 
et al. 2012).  
Size: Leaf  mine size is highly variable; as fossil 
mines range from 5 mm (Winkler et al. 2010) to 10 
cm in length (Lang et al. 1995). Occasionally, the 
gallery width can be constant throughout the entire 
leaf-mine trajectory (Givulescu 1984; Kozlov 1988) 
or alternatively increase several times the original 
size (Lang et al. 1995; Crane & Jarzembowski 1980). 
Many leaf  mines start up as linear or serpentine du-
ring the early and middle instars and end up as a 
blotch during last instar. This involve the ontogene-
tic phenomenon of  hypermetamorphosis (Laban-
deira et al. 1994).
Coprolites (shape and disposition): Some leaf  mi-
ners consume solid (cellular) tissue, depositing sphe-
roidal, ellipsoidal or thread-like fecal pellets (Dono-
van et al. 2014). Other leaf-mining taxa consume 
protoplasts and other plant fluids leaving excreta 
with splatter-like or sometimes the coprolite has a 
fluid consistency (Winkler et al. 2010). Coprolite 
distribution is variable. However, some coprolite 
trajectories can be primarily continuous and are in-
terrupted only where the mine crosses a major vein 
(Crane & Jarzembowski 1980). Other leaf  mines 
have discontinuous trajectories with interruptions 
within the galleries lacking frass deposition (Krassi-
lov 2008a). By contrast, coprolite may be arranged 
in center of  a gallery (Kozlov 1988), or alternating 
between the two sides of  the mine (Winkler et al. 
2010). Sometimes there is no evidence of  discer-
nable coprolites or they are absent (Jarzembowski 
1989; Lang et al. 1995), although this could be at-
tributed to inconspicuous fluidized fecal material 
from a sap-feeding larva. 
Terminal chamber: This section frequently has 
not coprolites (Crane & Jarzembowski 1980); ter-
minal chamber is circular or roughly rectangular 
(Stephenson 1991; Winkler et al. 2010). Some speci-
mens have undeveloped terminal chamber (Givule-
scu 1984; Lang et al. 1995; Krassilov 2008b). Howe-
ver, the terminal chamber, often a pupation site can 
be modified with a slit ovoidal hole enlarged gall-
like structure, an excised pupal case that descends 
to the ground, on other modifications (Needham et 
al. 1928; Hering 1951). 
GeoloGIcal settInG
The Palo Pintado Formation is located 
in the southern of  Salta Province, Argentina. 
It crops out on both borders of  the Calchaquí 
River, between 25º41’01”S – 66º07’55”W and 
25º40’59”S – 66º05’49”W (Galli et al. 2011) 
(Fig. 1). This formation has a stratigraphic sec-
tion of  1200 m, and forms part of  the Payoga-
stilla Group, intercalated between the Angasta-
co above and the San Felipe Formations below. 
Lithologically, The Palo Pintado Fm. is princi-
pally composed by sandstones alternating with 
siltstones and to a lesser conglomerates. Sandsto-
nes present a brownish coloration while siltsto-
nes exhibit yellow and brown hues that merge 
to greenish sediments.  Throughout the section 
there is disposition in successive finer-grained 
sedimentary cycles, interpreted as resulting from 
anastomos rivers of  low rank and entrainment 
(Díaz 1985, 1987; Díaz et al. 1987; Herbst et al. 
1987; Anzótegui 1998, 2006). The assigned age 
of  these deposits is estimated between 10.29 + 
0.11 Ma. (K/Ar) (Galli et al. 2008) and 5.27+-
0.28 Ma. (U-Pb method on zircon) (Coutand et 
al. 2006). The leaf  impressions originate from the 
basal section of  the formation at the Peñas Blan-
cas (25º40’15”S – 66º05’80”W) and Quebrada 
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del Horno (25°42’41”S – 66° 03’45”W) localities. 
The paleoenvironmental context was inferred 
from fossil plants, where humid-wet communi-
ties predominate, with few representatives of  
xeric environments. The fossil deposit denotes a 
warm and wet climate with minimal seasonality 
(Anzótegui 2006; Mautino 2010). 
systematIc descrIptIon
Subgroup Phagophytichnida
Ichnofamily Paleominidae Vialov, 1975
Ichnogenus Cuniculonomus Straus, 1977
Type ichnospecies: Cuniculonomus carpini Straus, 1977
Emended diagnosis. Linear mines usually maintaining 
the same width of  the gallery in its entire course or occasionally a 
slightly widening at the terminal section is observed. 
Remarks. The diagnosis of  Cuniculonomus 
established by Straus (1977) is emended here 
because the original erection of  the ichnogenus 
lacks the appropriate characters to differentiate 
this ichnogenus from other linear mines as Stig-
mellites and Phytomyzites. Straus (1977) only defi-
ned Cuniculonomus as a mine found on an angio-
sperm leaf  that was made by an unknown insect.
Fig. 2 - A) Cuniculonomus parallelus 
(Givulescu, 1984), a yellow 
dotted line delimits the li-
near mine; B) Cuniculonomus 
saltensis n. ichnosp., the mine 
shows a brownish colora-
tion, which differentiates 
it from the rest of  the leaf; 
C) detail of  B, the image 
shows the initial and cen-
tral portion of  the mine; D) 
Stigmellites vitatus n. ichnosp., 
a complete mine entirely 
developed within one half-
leaf  element; E) detail of  D, 
showing the terminal cham-
ber and the exit hole (p); F) 
Stigmellites serpentina (Kozlov, 
1988), showing serpentine 
mines is arranged between 
two secondary veins; G) de-
tail of  F; G) Stigmellites perve-
nae n. ichnosp.; this mine is 
developed on both half-leaf  
elements. Bar scale= 3 mm.
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Cuniculonomus parallelus Givulescu, 1984
Fig. 2A; Fig. 3A
1982 Ophionome - Müller, p. 19, pl. 8, fig. 4
Syntypes: Specimens 1164, 1656 and 1807 B.J.B.M. on lea-
ves of  Quercus sp. (Fagaceae) or Betula sp. (Betulaceae) deposited in 
the collections of  the Institute of  Geology and Geophysics, Bucha-
rest, Chiuzbaia Locality, Romania. Early Pliocene.
Emended diagnosis: Linear mines parallel to the middle 
leaf-host vein for most of  its trajectory, which cross several seconda-
ry veins. These mines are completely developed on one half-leaf  area. 
Remarks. The diagnosis is emended here to 
include other characters that were absent in the origi-
nal diagnosis of  Givulescu (1984) and are typical of  
these leaf  mines. The position on the leaf  lamina and 
the trajectory of  the leaf  mine galleries cross several 
secondary veins. Givulescu (1984) focused the diag-
nosis on the reaction tissue and defined two possible 
preservational forms, forma alba and forma nigra, 
based on the coloration of  the tissue. Cuniculonomus 
parallelus is different from Cuniculonomus carpini in hav-
ing a partial of  the mine paralleling the primary vein. 
The leaf  mine described by Müller (1982) as “Ophio-
nome” is considered here a synonym of  C. parallelus.
Description. Slightly sinuous linear mines, 
from 2.9 cm to 8.6 cm length and from 0.1 mm 
to 0.26 mm in width. Mines occur parallel to the 
middle leaf-host throughout most of  its extension 
and never intersect it. Mines originate near the basis 
of  the leaf, ending at the apex or toward the leaf  
edge. Coprolites and terminal chamber are not dis-
cernable, although there is an exit hole with an oval 
shape (0.1 to 0.24 mm). 
Host plants. Specimens CTES-IC 82 - 
Nectandra saltensis Anzótegui (Lauraceae); CTES-IC 
54 - Cedrela fissiliformis Anzótegui & Horn (Melia-
ceae). 
Cuniculonomus saltensis n. ichnosp.
Fig. 2B, C; Fig. 3B
1969 Larval leaf  mining - Lewis, p. 1210
Derivatio nominis: Saltensis derives from Salta Province in 
northwestern Argentina where the fossil material crops out. 
Holotype: Specimen CTES-IC 234a, on a leaf  of  Cedrela 
fissiliformis, collection from Facultad de Ciencias Exactas y Naturales y 
Agrimensura of  the Universidad Nacional del Nordeste. Peñas Blan-
cas locality, Salta, Argentina. Late Miocene.
Fig. 3 - Schemes of  the ichnospe-
cies described in this work. 
A) Cuniculonomus parallelus; 
B) Cuniculonomus saltensis n. 
ichnosp.; C) Stigmellites ser-
pentina; D) Stigmellites vitatus 
n. ichnosp.; E) Stigmellites 
pervenae n. ichnosp. Scale bar 
= 3 mm.
Robledo J.M., Sarzetti L.C. & Anzótegui L.M.60
Diagnosis: Linear mines located entirely between two pri-
mary or two secondary veins. Mines present with few interruptions 
and a slightly widening in the terminal segment is observed.
Depository: The material is deposited at the Paleontology 
Collection, Universidad Nacional del Nordeste.
Description. Specimens CTES-IC 234a and 
CTES-IC 152a, consist of  partially conserved linear 
mines, with length varying from 22.55 mm to 31.12 
mm and width from 0.25 mm to 0.75 mm. The ori-
gin of  the mine is located adjacent to the primary 
vein or in a central region of  the half-leaf  betwe-
en the midvein and margin subsequently coursing 
towards the margin and always remaining between 
two secondary veins. The mines present a widening 
at the terminal portion, which can triple the origi-
nal mine width. There is no evidence of  particulate 
coprolites. 
Remarks. The complete leaf-mine onto-
geny is developed between two adjacent secondary 
veins. The mine described by Lewis (1969) as “Le-
pidopterous larval-mining”, is included here since 
the material documented by that author presents 
all the characters mentioned for C. saltensis. Lang 
et al. (1995) described a morphological type of  
mines (Type 2B), that correspond with mines that 
are entirely enclosed between two secondary veins; 
in all the specimens coprolites are observed and 
occasionally the terminal chamber is also preser-
ved (V.50731, V.50089, V.48524, Mine 2, V.49808, 
V.50698, V.50622, V.50401). Cuniculonomus saltensis 
differs from the morphotype described by Lang et 
al. (1995) because coprolites and terminal chambers 
are absent. Donovan et al. (2014) reported fossil 
leaf  mines located between two secondary veins that 
Fig. 4 - A) circular structures asso-
ciated with the fossil mine 
(Cuniculonomus saltensis n. 
ichnosp.), possibly parasi-
toid-related features; B) in 
the sample CTES-IC 132 
(Stigmellites vitatus n. ichno-
sp.), the fecal pellets are ar-
ranged in a zig-zag pattern; 
C and D) details of  B; E) 
extant sample of  the lepi-
dopterous leaf  mine; F) de-
tail of  E, showing the frass 
deposited in a zig-zag pat-
tern, as in the fossil sample 
(CTES-IC 132). Bar scale= 
0.5 mm (A, C, D and F); =3 
mm (B).
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present the same characteristics of  those observed 
by Lang et al. (1995). In those specimens (Donovan 
et al. 2014), there is evidence for coprolites and/
or a terminal chamber (USNM 560118, USNM 
560119, UNSM 561020). Specimens CTES-IC 236a 
and CTES-IC 152a were associated with galleries in 
which circular structures were found from 0.3 to 
0.6 mm of  diameter, similar to those described by 
Winkler et al. (2010), as agromyzid ovipositor marks 
(Fig. 4A).
Host plant. Specimens CTES-IC 152a and 
CTES-IC 234a, Cedrela fissiliformis Anzótegui & 
Horn (Meliaceae).
Ichnogenus Stigmellites Kernbach, 1967
Type ichnospecies: S. heringi (Kernbach, 1967)
Emended diagnosis: Linear mines located on one or both 
sides of  the middle vein. These mines are located between two pri-
mary and/or secondary veins or alternatively passing through some 
veins. Mines end in a terminal chamber. Granular or threadlike co-
prolites are present in the central region of  the mines. 
Remarks. The diagnosis is emended here 
because of  the unique character used by Kernbach 
(1967) to differentiate this ichnogenus from the 
possibility that the leaf  miners are the larvae of  the 
nepticulid lepidoteran Stigmella. The same author 
questioned the identification of  the potential pro-
ducers providing a reason for defining the ichnoge-
nus Stigmellites. 
Stigmellites serpentina Kozlov, 1988
Fig. 2F, G; Fig. 3C
1992 V.48524 - Stephenson & Scott, p. 549, fig. 6e.
1992 V.49808 - Stephenson & Scott, p. 548, fig. 5b.
1992 V.49808 - Scott et al., figs. 5a, b.
1995 V.48524 - Lang et al., p. 166, pl. 3 fig. 4.
1995 Mines type 2B V.50089 - Lang et al., p. 166 pl. 3 fig. 5.
1995 Mines type 2B Mine 2 - Lang et al., p. 163, pl. 2 fig. 2.
1995 V.49808 - Lang et al., p. 166, pl. 3 fig. 6.
Holotype: Specimen PIN, 2383/205, Beleu-Tinskaya For-
mation, Turonian (Upper Cretaceous), Kazakhstan.
Emended diagnosis: Serpentine mines completely enclo-
sed between two primary or secondary veins. Coprolites are threadli-
ke and mostly continuous forming an internal lineation within the 
gallery. Terminal chamber free of  coprolites.
Description. The specimen CTES-IC 216 
corresponds to a partially preserved serpentine 
mine in Schinus herbstii. The leaf-mine length is 
32.15 mm and width from 0.10 mm to 0.44 mm. 
Terminal chamber is rectangular with length of  0.7 
mm and width 0.5 mm. The mine originates near 
the midvein, at the junction with a secondary vein. 
It egresses sinuously to the margin without passing 
through the area between the two adjacent veins. 
The leaf  mine gradually widens and ends near the 
margin of  the leaf. Coprolites are located in center 
of  the mine along almost all of  the gallery length, 
except in the initial portion (length of  the initial 
portion = 0.30 mm). Reaction tissue is poorly de-
veloped.
Remarks. The diagnosis is emended here to 
include the leaf  area where the mine is located, 
which is not described by the author in the original 
description. In the holotype photo (Fig. 2F), it is 
clearly observed that the mine is located between 
two primary veins. Other specimens recorded by 
Lang et al. (1995) exhibit character similars to S. 
serpentina, although some mines pass through a se-
condary vein (V.50731 V.50698 V.50622 V. 50401) 
or a terminal chamber is not observed (V.49905). 
Samples USNM 560118, USNM 560119, UNSM 
561020, USNM 56142 and USNM 56143 (Dono-
van et al. 2014, figs. 2A, E and D and figs. 8A and 
E), are situated between two secondary veins and 
have ellipsoidal pellets. These characters do not 
occur in S. serpentina, as the consistency of  frass in 
one mine seems to be fluidized.  
Host plant. Schinus herbstii Anzótegui (Ana-
cardiaceae).
Stigmellites vitatus n. ichnosp.
Fig. 2D, E; Fig. 3 D
Derivatio nominis: From the Latin Vito –atus, meaning 
“shunning” or “avoidance”. 
Holotype: Specimen CTES-IC 132 occurs on a leaf  of  
Schinus herbstii, deposited at the collection of  the Facultad de Cien-
cias Exactas y Naturales y Agrimensura of  the Universidad Na-
cional del Nordeste. Peñas Blancas locality, Salta, Argentina. The 
specimen is Late Miocene in age.
Diagnosis: Serpentine mines completely developed in one 
half-leaf  area, originating at the leaf  basis, either along the margin 
or near the midvein and extending toward the apex. Mines follow 
the margin of  the leaf  or course to the center of  the leaf. Mines 
do not pass through the secondary veins or only do it in the apical 
region. Coprolites form a single continuous line and are present 
along the entire mine trajectory, except at the terminal mine phase. 
Mines end in a rectangular terminal chamber.
Depository: The material is deposited at the Paleontology 
Collection, Universidad Nacional del Nordeste.
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Description. Specimen CTES-IC 132, is a 
serpentine mine (visceronoma type), length of  66.8 
mm and width from 0.2 mm to 1.3 mm; the ter-
minal chamber shows a rectangular outline, with 
length of  2.66 mm and width of  1.23 mm; the exit 
hole is circular and is placed in sub-terminal posi-
tion in the terminal chamber, with diameter of  0.6 
mm. This leaf  mine starts adjacent the primary vein 
and subsequently approaches the foliar margin, gra-
dually widening while it extends between secondary 
veins toward the central vein. The mine terminates 
near the leaf  apex and it is only in this portion of  
the leaf  where the trajectory crosses a secondary 
vein, which remains inside the mined area. Asso-
ciated coprolites have a solid appearance, forming a 
single threadlike medial trail that occupies the center 
of  the gallery with some sections seemingly depo-
sited in zig-zag pattern (Fig. 4D-F). Frass is present 
throughout the mine trajectory, except in the final 
segment that corresponds to the terminal chamber. 
The reaction tissue is poorly developed, but it is 
possible to differentiate the mine within the leaf  by 
the clearer hue of  the gallery, that contrasts to the 
hue of  the surrounding unaffected leaf  tissue.
Remarks. Stigmellites araliae (Fritsch, 1882), 
S. fossilis (von Heyden, 1862), S. carpiniorientalis 
(Straus, 1977), S. zelkovae (Straus, 1977), S. sp. (Ku-
roko, 1987); S. kzyldzharica (Kozlov, 1988) and S. 
tyshchenkoi (Kozlov, 1988) cross the middle or se-
condary veins. Stigmellites vitatus differs from these 
ichnospecies because is located entirely in one half  
leaf  and never pass through the secondary veins, 
except in the apical region. Contrasting to S. vita-
tus, the frass preserved in S. centennis (Jarzembowski, 
1989) is not medially positioned and the leaf  mine is 
confined between two secondary veins. By contrast, 
S. gossi (Jarzembowski, 1989) has granular pelletal 
coprolites. Stigmellites serpentina, is the ichnospecies 
that shares more characters with S. vitatus, althou-
gh the former is enclosed between two adjacent 
secondary veins. Stigmellites samsonovi and S. sharovi 
are different from S. vitatus because of  their cir-
cular terminal chamber. Specimens V.50733 (Mine 
type 2A) and V.50731 (Mine type 2B) described by 
Scott, (1991), Stephenson & Scott (1992) and Lang 
et al. (1995), share some characters with S. vitatus 
with regard to the origin of  the mine, the pattern 
and distribution of  frass and the shape of  the 
terminal chamber. Nevertheless, these mines are 
different from S. vitatus because the leaf  mine in 
those instances cross one or more secondary veins 
(V.50733, V.50731), lack apparent widening of  the 
mine, except near the terminal chamber (V.50731), 
and display high sinuously along the mine’s trajecto-
ry (V.50733). 
Host plant. Schinus herbstii Anzótegui (Ana-
cardiaceae).
Stigmellites pervenae n. ichnosp.
Fig. 2H; Fig. 3E
Derivatio nominis: From Latin per meaning “through” and 
venae meaning “veins”.
Syntype: Specimens CTE-IC 169, CTE-IC 280a and CTES-
IC 285a, on Schinus herbstii, deposited in the fossil collection of  the 
Facultad de Ciencias Exactas y Naturales y Agrimensura of  Univer-
sidad Nacional del Nordeste. Peñas Blancas locality, Salta, Argentina. 
Late Miocene.
Diagnosis: Serpentine mines developed on both sides of  
the primary vein. The mines originate in one half-leaf  hemilamina, 
crossing the midvein once from left to right and back, ending on the 
opposite half  leaf. The mines generally originate near the leaf  apex, 
along the margin and close to the primary vein. During their path, 
the mines pass through the secondary veins and more finely-ranked 
veins.  Threadlike coprolites formed into a single, medial file that 
course through almost all galleries. The mines end in a rectangular 
terminal chamber.
Depository: The material is deposited at the Paleontology 
Collection, Universidad Nacional del Nordeste.
Description. Specimen CTES-IC 43a is a 
serpentine mine (visceronoma type) with length of  
40.30 mm and width from 0.13 mm to 1.62 mm; 
terminal chamber observed in sample CTES-IC 48a 
presents a rectangular outline with length 2.92 mm 
and width 1.33 mm; the exit hole is rounded and 
sub-terminal with a width of  0.64 mm of  diameter. 
Mines originate close to the midvein (CTES-IC 43a) 
or on the foliar margin (CTES-IC 42, CTES-IC 169) 
and they cross all vein ranks, including the primary 
vein, which usually passes through in the apical re-
gion (CTES-IC 42, CTES-IC 48a and CTES-IC 
169). Although the mines can also cross the primary 
vein in the central portion of  the leaf  (CTES-IC 
43a) they also can culminate on the other half  leaf  
side, either along the margin (CTES-IC 169) or ad-
jacent to the midvein (CTES-IC 42, CTES-IC 43a 
and CTES-IC 48a). Coprolites are threadlike, lack-
ing differentiation of  fecal pellets, and occurring in 
center of  the mine, where it occupies from 1/3 to 
almost the entire width of  the mine. Coprolites are 
present throughout the entire mine, except in the 
terminal chamber. Reaction tissue is not clearly de-
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veloped, but it is possible to differentiate the leaf  
mines from the unaffected leaf  by the clearer hue 
of  the mined region, compared to the more intense 
hues of  the foliar blade.
Remarks. Stigmellites pervenae n. ichnosp. is 
distinctive because it is located at both sides of  
the midvein, and consequently on both half-leafs. 
Stigmellites araliae, S. fossilis, S. carpiniorientalis, and S. 
zelkovae, cross the secondary veins but not through 
primary veins. The mines in S. centennis and S. ser-
pentina are enclosed between two secondary veins. 
By contrast, S. gossi presents coprolites that are dif-
ferentiated in pellets and the mines are restricted 
to a third and/or fourth-ranked veins. Although S. 
kzyldzharica and S. tyshchenkoi are leaf  mines cross-
ing a middle vein, they are different from S. pervenae 
because the terminal chamber is absent and there 
is not a marked widening of  the mine segments. 
Specimens V.50175, V.50744 and V.50719 (mines 
type 2A), recorded by Lang et al. (1995), show simi-
lar characteristics to S. pervenae. Specimen V.50719 
displays a terminal chamber crossing the middle 
vein, but there is no evidence of  coprolites in the 
mined area. The same characters are present in the 
specimen V.50744, occurring in the last-mentioned 
specimen, as the mine passes the middle vein twice. 
Thus, both the origin site and terminal chamber are 
located in the same half-leaf. V.50175 possibly cor-
responds to the same ichnospecies, but the terminal 
chamber is absent. Donovan et al. (2014) reported 
a serpentine mine crossing both half-leafs, but simi-
larly the terminal chamber was not observed in this 
sample (DMNH 7511).
Host plant. Schinus herbstii Anzótegui (Ana-
cardiaceae). 
dIscussIon 
Perhaps attributable to their morphological 
distinctiveness the ichnotaxonomy of  fossil leaf  
mines is highly developed compared with other 
insect-plant associations.  Based on the specific 
morphology of  certain leaf  mines, some authors 
have named ichnogenera to refer to a particular 
possible producer. Some examples are the ichno-
genera Nepticula (von Heyden 1862; Martins-Neto 
1989), Tinea (Fritsch 1882), Stigmella (Kernbach 
1967), Phytomyza (Hering 1930). However, Kelly 
(1990) and Bertling et al. (2006) suggested that 
the definition of  the ichnotaxon should not infer 
a particular tracemaker. To name an ichnotaxon 
based on a possible insect producer is incorrect, 
since several groups of  insect leaf  miner cause 
mines that share many morphological characters 
moreover these characters are not stables through 
the time (Winkler et al. 2010; Jud & Sohn 2016). 
Several examples for this misuse can be ci-
ted from the fossil record. One example is the 
study of  von Heyden (1862) who defined the 
ichnospecies Nepticula fossilis in a dicotyledonous 
host from the late Oligocene from Germany. Ho-
wever, Opler (1973) later reassigned the produ-
cer of  this mine to a dipteran, arguing that the 
characters described by von Heyden were not 
diagnostic. For more examples, see Winkler et al. 
2010. This is a reason why several authors such as 
Lang et al. (1995) suggested that the assignation 
of  the producer insect should be based only at 
familial level or even at ordinal level. For instan-
ce, Winkler et al. (2010) proposed to expand the 
concept of  Phytomyzites to include all those leaf  
mines produced by the Agromyzidae (Diptera). 
Bromley and Fürsich (1980; see also Kelly 1990; 
Stephenson 1991; Lang et al. 1995; Pemberton & 
McEachern 2013) outlined six of  the fundamen-
tal principles of  ichnology; one of  which states 
that the nomenclature of  fossil traces should be 
based only upon the morphological characters 
of  the documented structure. Based on this con-
struction and consideration of  the proposals by 
Kelly (1990) and Bertling et al. (2006), and the 
nomenclature here proposed, should be establi-
shed on the morphological characters commonly 
used in the analyzing of  fossil mines (Lang et al. 
1995; Crane & Jarzembowski 1980; Stephenson 
1991). 
The exceptions to the above caution of  
Kelly (1990) and Bertling et al. (2006) represent 
the ichnogenera Stigmellites and Phytomyzites, which 
were preserved here to maintain the nomencla-
tural stability. Several authors have considered 
the morphological characters of  the leaf  mine in 
order to define an ichnotaxon, e.g. Cuniculonomus 
defined by Straus (1977) on Carpinus betulus from 
the Pliocene of  Germany. Later, Müller (1982) 
established four ichnospecies of  Cuniculonomus 
on gymnosperm leaves from the Carboniferous 
and Permian of  Germany, although these mines 
are not entirely convincing (Lang et al. 1995). Gi-
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vulescu (1984) described Cuniculonomus parallelus 
on Quercus sp. an oak from the late Miocene of  
Romania. Rozefelds & Sobbe (1987) defined the 
ichnospecies Triassohyponomus dimnoriensis consi-
sting of  linear mines on leaves of  the voltzialean 
conifer Heidiphyllum elongatum from the late Trias-
sic of  Australia. Finally, Jarzembowski (1989) de-
fined the ichnospecies Foliofossor cranei on Platanus 
schimperi a sycamore from the late Paleocene of  
England. In accordance with the suggestions of  
Kelly (1990) and Bertling et al. (2006), we emen-
ded herein, the diagnosis of  Cuniculonomus and 
Stigmellites, and the ichnospecies analyzed in this 
work Cuniculonomus parallelus and Stigmellites ser-
pentina, to include leaf-mine morphological cha-
racters useful for comparison with other ichno-
taxa. 
Hering (1951) proposed a classification ba-
sed on the morphological character of  extant leaf  
mines. Using Hering’s classification, Krassilov 
(2008a) described eleven leaf-mine fossil ichno-
genera with 28 ichnospecies on leaves of  basal 
angiosperms from the Late Cretaceous of  Israel. 
Of  the ichnospecies recorded, eleven correspond 
with linear mines or a combination of  linear and 
blotch mines. Two of  these ichnospecies should 
be synonymous of  the ichnogenus Phytomyzites. 
The ichnospecies Ophionoma arcuata displays di-
scontinuous coprolites in the center of  the gallery 
and a slightly widening terminus, possibly indicate 
a terminal or pupation chamber. In Troponoma cruci-
tracta there is overlapping of  the leaf  mine, a slight 
sinuosity in the mine trajectory and intermittent 
coprolites that are sometimes deposited in double 
row. The changes described above are attributable 
to Ophionoma arcuata and Troponoma crucitracta exhi-
biting diagnosis coincident with Phytomyzites.
To achieve a nomenclatural clarity a series of  
characters (ichnotaxobases) is proposed to diffe-
rentiate the ichnogenera Stigmellites, Cuniculonomus 
and Phytomyzites (Tab. 1). These ichnotaxobases, 
proposed only for mines do not apply to other type 
of  plant-insect association. These ichnotaxobases 
are restricted to linear to tightly sinusoidal mines, 
exclude blotch mines, and are relatively easy to re-
cognize in fossil leaves and present two or more 
variants (detailed in the introduction section) that 
allow clear differentiation of  the ichnogenera. In 
terms of  behavior, these characters also provide 
significant information, such as the presence of  
terminal chamber that inevitably reflects a com-
pleted mine, where the larva frequently reached its 
pre-pupal stage. Likewise, the sinuosity of  mine 
is often associated with the venational meshwork 
of  leaves, as larvae are commonly unable to pass 
through higher ranked veins, especially in early sta-
ges, causing highly sinuous mines (Hering 1951). 
These leaf-mine characters listed above also are 
relevant in studies focusing on the identification 
of  insect leaf  miners. For example, Winkler et al. 
(2010) showed that the consistency and disposi-
tion of  coprolites, as well as the sinuosity of  mines 
and features such as overlapping trajectories are 
reliable characteristics to identify agromyzid mines 
 
Characters Cuniculonomus Stigmellites Phytomyzites 
1) Oviposition area 
Larger lenticular lesion 
(oviposition mark); 
surrounded or not  by 
several smaller 
ovipositional probes  
Larger lenticular lesions; 
surrounding ovipositions 
probes absent.  
Single, small lenticular 
lesion, surrounded by 
several smaller 
ovipositional probes. 
2) Widening of the mine 
(except the terminal 
chamber) 
It can widen up to 3 
times. 
It can widen up to 12 
times. 
It can widen up to 4 
times. 
3) Coprolites shape and 
disposition Not observable 
Differentiated or not in 
faecal pellets; mainly 
continuous it can be cut 
only where the mines 
cross the leaf veins; 
located in center of the 
leaf-mine. 
Not differentiated (fluid 
consistence); 
intermittent in at least 
one part of the mine; 
located in center of the 
leaf-mine, but in some 
segments, the frass can 
alternate in both sides of 
internal margins of the 
leaf mine 
4) Sinuosity of the mine 
Slightly sinuous. No 
more of 1 or 2 deviations 
of 180º  
 Highly sinuous 
(serpentines); > 2 
deviations of 180º; The 
traces never overlap a 
section previously 
formed. 
From slight to highly 
sinuous (serpentines), 
from 1 to several 
deviations of 180º. They 
can overlap a section 
previously formed 
5) Terminal/Pupal 
chamber  Absent 
Present, variously 
shaped. 
Present, variously 
shaped. 
Tab. 1 - The table shows the cha-
racters used to differen-
tiate the ichnogenera Cu-
niculonomus, Stigmellites and 
Phytomyzites.
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(Diptera). Similarly, Doorenweerd et al. (2015) de-
tailed a listed of  morphological characters to iden-
tify fossil mines produced by nepticulids, which 
they included data about shape of  mines, the ter-
minal chamber and coprolites. As a result of  these 
developments, this contribution is the first attempt 
to unify the ichnotaxonomy of  linear mines, focu-
sing particularly on the morphology and establi-
shing ichnotaxobases that would provide valuable 
information about the producer insect and its fee-
ding behavior and thereby increasing knowledge 
of  the leaf-miner fauna in the Neogene flora from 
Argentina.
 
Acknowledgments. We would like to thank to the associated 
editor Dr. Fabrizio Felletti and reviewers Dr. Conrad Labandeira 
and Dr. Carlos Neto De Carvalho for insightful comments and 
suggestions. We also thank Dr. Torsten Wappler and Camiel Do-
orenweerd for providing bibliography. This work received sup-
port from the Proyecto de Investigación Científica y Tecnológi-
ca PICT-2007-00124 and PI 17/F161 SECYT-UNNE to L. M. 
Anzótegui; PI F021 SECYT-UNNE to S. Garralla.  
RefeRences 
Adami-Rodrigues K., Barboni R. & Wilberger T.P. (2011) - 
Registro de Interação inseto-planta (galhas e minas) em 
níveis do Mesozóico Basal da Formação Caturrita, Sul 
do Brasil. In: XXII Congresso Brasileiro de Paleontolo-
gia. Extended Abstracts: 348-354.
Anzótegui L.M. (1998) - Hojas de angiospermas de la Forma-
ción Palo Pintado, Mioceno superior, Salta, Argentina. 
Parte I: Anacardiaceae, Lauraceae y Moraceae. Ameghi-
niana, 35(1): 25-32.
Anzótegui L.M. (2006) - Paleofloras del Mioceno en los Valles 
Calchaquíes, Noroeste de Argentina: Corrientes, Argen-
tina, Universidad Nacional del Nordeste, PhD thesis, 
266 pp. 
Bertling M., Braddy S.J., Bromley R.G., Demathieu G.R., Ge-
nise J., Mikuláš R. & Uchman A. (2006) - Names for 
trace fossils: a uniform approach. Lethaia, 39(3): 265-
286.
Bromley R.G. & Fürsich F.T. (1980) - Comments on the pro-
posed amendments to the International Code of  Zoo-
logical Nomenclature regarding ichnotaxa. Bull. Zool. 
Nomencl., 37: 6-10.
Coutand I., Caparra B., Diiken A., Schmitt A.K., Sobel E.R. & 
Strecker M.R. (2006) - Propagation of  orographic barri-
ers along and active range front: insights from sandstone 
petrography and detritial apatite fission-track thermo-
chronology in the intramontane Angastaco basin, NW 
Argentina. Basin. Res., 18: 1-26. doi:10.1111/j.1365-
2117.2006.00283.x
Crane P. R. & Jarzembowski E.A. (1980) - Insect leaf  mines 
from the Palaeocene of  southern England. J. Nat. Hist., 
14: 629- 636.
Díaz J.I. (1985) - Análisis estratigráfico del Grupo Payogas-
tilla, Terciario superior del valle Calchaquí, provincia de 
Salta, República Argentina. In: 4º Congreso Geológico 
Chileno: Antofagasta. Actas: 211-234.
Díaz J.I. (1987) - Estratigrafía y sedimentología del Terciario 
Superior de la región comprendida entre los valles de los 
ríos Calchaquí y Guachipas, Provincia de Salta, Repúbli-
ca Argentina: Tucumán, Argentina, Universidad Nacio-
nal de Tucumán, PhD thesis, 114 pp. 
Díaz J.I., Malizzia D. & Bossi G. (1987) - Análisis estratigráfico 
del Grupo Payogastilla. In: Décimo Congreso Geológico 
Argentino, San Miguel de Tucumán, Argentina: 113-116. 
Ding Q., Labandeira, C.C. & Ren D. (2014) - Biology of  a leaf  
miner (Coleoptera) on Liaoningocladus boii (Coniferales) 
from the Early Cretaceous of  northeastern China and 
the leaf-mining biology of  possible insect culprit clades. 
Arthropod Syst. Phyl., 72(3): 281-308. 
Donovan M.P., Wilf  P., Labandeira C.C., Johnson K.R. & 
Peppe D.J. (2014) - Novel insect leaf-mining after the 
end-Cretaceous extinction and the demise of  Creta-
ceous leaf  miners, Great Plains, USA. PLoS ONE, 9 (7), 
e103542. doi: 10.1371/journal.pone.0103542.
Doorenweerd C., Nieukerken van E.J., Sohn J. C. & Labandeira 
C.C. (2015) - A revised checklist of  Nepticulidae fossils 
(Lepidoptera) indicates an Early Cretaceous origin. Zoo-
taxa, 3963(3): 295-334. doi:10.11646/zootaxa.3963.3.2 
Fritsch A. (1882) - Fossile Arthropoden aus der Steinkohlen- 
und Kreideformation böhmens. Beiträge Paläontol. Öster-
reich-Ungarns Orients, 2: 1-7. 
Galli C.I., Anzótegui L.M., Horn M.Y. & Morton L.S. (2011) 
- Paleoambiente y paleocomunidades de la Formación 
Palo Pintado (Mioceno-Plioceno), Provincia de Salta, 
Argentina. Rev. Mex. Cienc. Geol., 28(1): 161-174.
Givulescu R. (1984) - Pathological elements on fossil leaves 
from Chiuzbaia (galls, mines and other insect traces). D. 
S. Inst. Geol. Geofiz. Paleontol., 68(1981): 123-133.
Herbst R., Anzótegui L.M. & Jalfin G. (1987) - Estratigrafía, 
paleoambientes y dos especies de Salvinia Adanson (Fili-
copsida) del Mioceno Superior de Salta, Argentina: Rev. 
Facultad Cien. Exactas Natur. Agrimens., 7: 15-42.
Hering E.M. (1930) - Eine Agromyziden-Mine aus dem Ter-
tiär. (Dipt. Agromyz.). Deutsche Entomol. Z., 1931: 63-64.
Hering E.M. (1951) - Biology of  the Leaf  Miners. Dr. W. 
Junk’s-Gravenhage, The Netherlands, 420 pp.
Heyden C. von (1862) - Gliederthiere aus der Braunkohle des 
Niederrhein’s, der Wetterau und der Röhn. Paleontogra-
phica, 10: 62-82 
Hickey L.J. & Hodges R.W. (1975) - Lepidopteran leaf  mine 
from the early Eocene Wind River Formation of  north-
western Wyoming. Science, 189: 718-720.
Horn M.Y., Adami-Rodrigues K. & Anzótegui L.M. (2011) - 
Primeras evidencias de interacción insecto-planta en el 
Neógeno del Noroeste de la Argentina. Rev. Bras. Paleon-
tol., 14: 87-92.doi:10.4072/rbp.2011.1.09.
Jarzembowski E.A. (1989) - A century plus of  fossil insects. 
Proc. Geol. Assoc., 100: 433-449. Doi: 10.1016/s0016–
7878(89)80019–7. 
Robledo J.M., Sarzetti L.C. & Anzótegui L.M.66
Jud N.A. & Sohn J.-C. (2016) - Evidence for an ancient associ-
ation between leaf  mining flies and herbaceous eudicot 
angiosperms. Cretaceous Res., 63: 113-121. 
Kelly S.R.A. (1990) - Trace fossils. In: Briggs D.E.G. & 
Crowther P.R. (Eds) - Palaeobiology, a Synthesis: 423-
425. Blackwell, Oxford.
Kernbach K. (1967) - Über die bisher im Pliozän von Willer-
shausen gefundenen Schmetterlings- und Raupenreste. 
Bericht Naturhistorisc. Gesell. Hannover, 111: 103-108. 
Kozlov M.V. (1988) - Paleontologiya Cheshuekrylykh i vo-
prosy filogenii otryada Papilionida [Palaeontology of  
lepidopterans and problems in order Papilionida phy-
logeny]. In: Ponomarenko, A.G. (Ed.) - Melovoj Biot-
senoticheskij Krizis i Evolutsiya Nasekomykh [Cretaceous 
Biocoenotic Crisis and Insect Evolution]: 16-69 & 216-228. 
Nauka, Moscow.  
Krassilov V.A. (2007) - Mines and galls on fossil leaves from 
the Late Cretaceous of  southern Negev, Israel. Afr. In-
vertebr., 48: 13-22. 
Krassilov V.A. (2008a) - Part I: traumas on fossil leaves from 
the Cretaceous of  Israel. In: Krassilov V.A. & Rasnitsyn 
A. (Eds) - Plant-Arthropod interactions in the Early An-
giosperm history: 8-187. Sophia, Moscow and Leiden. 
 Krassilov V.A. (2008b) - Evidence of  temporary mining in 
the Cretaceous fossil mine assemblage of  Negev, Israel. 
Insect Sci., 261: 285-290.
Krassilov V.A. & Karasev E. (2008) - First evidence of  plant 
- arthropod interaction at the Permian - Triassic bound-
ary in the Volga Basin, European Russia. Alavesia, 2: 
249-254. 
Krassilov V.A. & Shuklina S. (2008) - Arthropod trace diver-
sity on fossil leaves from the mid-Cretaceous of  Negev. 
Alavesia, 2: 239-245.
Krassilov V.A. & Bacchia F. (2013) - New Cenomanian florule 
and a leaf  mine from southeastern Morocco: Palaeoeco-
logical and climatological inferences, Cretaceous Res., 40: 
218-226. doi:10.1016/j.cretres.2012.07.005.
Kuroko H. (1987) - A fossil leaf  mine of  Nepticulidae (Lepi-
doptera) from Japan. Bull. Sugadaira Montane Res. Center, 
8: 119-121.
Labandeira C.C. (1998) - The role of  insects in Late Jurassic to 
Middle Cretaceous ecosystems. In: Lucas S.G., Kirkland 
J.I. & Estep J.W. (Eds) - Lower and Middle Cretaceous 
Terrestrial Ecosystems. Bull. New Mexico Mus. Nat. Hist.
Sci., 14: 105-124.
Labandeira C.C. (2006) - Silurian to Triassic plant and hexa-
pod clades and their associations: new data, a review, 
and interpretations. Arthropod Syst. & Phyl., 64: 53-94.
Labandeira C.C., Dilcher D.L., Davis D.R. & Wagner D.R. 
(1994) - Ninety-seven million years of  angiosperm-in-
sect association: paleobiological insights into the mean-
ing of  coevolution. Proc. Natl. Acad. Sci. U.S.A., 91: 
12278-12282.
Labandeira C.C., Wilf  P., Johnson K.R. & Marsh F. (2007) 
- Guide to insect (and other) damage types on com-
pressed plant fossils. Smithsonian Institution, National 
Museum of  Natural History, Department of  Paleobiol-
ogy, Washington, DC. 
Lang P.J., Scott A.C. & Stephenson J. (1995) - Evidence of  
plant-arthropod interactions from the Eocene Brank-
some Sand Formation, Bournemouth, England: intro-
duction and description of  leaf  mines. Tertiary Res., 15: 
145-174.
Lewis S.E. (1969) - Lepidopterous larval-mining of  an oak 
leaf  from the Latah Formation (Miocene) of  Eastern 
Washington. Ann. Entomol. Soc. Am., 62: 1210-1211. doi: 
10.1093/aesa/62.5.1210.
Liebhold A.M., Volney W.J.A. & Schorn H.E. (1982) - An un-
identified leaf  mine in fossil Mahonia reticulata (Berberi-
daceae). Canadian Entomol., 114: 455-456. doi: 10.4039/
ent114455–5.
Martins-Neto R.G (1989) - Novos insetos Terciarios do Esta-
do de São Paulo. Rev. Brasil. Geociências, 19: 375-386. 
Mautino L.R. (2010) - Palinofloras de las Formaciones San 
José y Chiquimil (Mioceno Medio y Superior), Noroeste 
de Argentina. Universidad Nacional del Nordeste, PhD 
thesis, 444 pp. 
Müller A.H. (1982) - Über Hyponome fossiler und rezenter 
Insekten, erster Beitr. Freiberger Forschung. (C), 366: 7-27. 
Needham J.G., Frost S.W. & Tothill J.D. (1928) - Leaf-Mining 
Insects. Williams and Wilkins, Baltimore, 351 pp.
Opler P.A. (1973) - Fossil lepidopterous leaf  mines demon-
strate the age of  some insect-plant relationships. Science, 
179: 1321-1323.
Opler P.A. (1982) - Fossil leaf-mines of  Bucculatrix (Lyoneti-
idae) on Zelkova (Ulmaceae) from Florissant, Colorado. 
J. Lepid. Soc., 36: 145-147.
Paik I.S., Kim H.J., Kim K., Jeong E.-K., Kang H.C., Lee H.I. 
& Uemura K. (2012) - Leaf  beds in the Early Miocene 
lacustrine deposits of  the Geumgwangdong Formation, 
Korea: occurrence, plant-insect interaction records, 
taphonomy and palaeoenvironmental implications. 
Rev. Palaeobot. Palynol., 170, 1-14. doi:10.1016/j.revpal-
bo.2011.10.011.
Pemberton S.G. & McEachern J.A. (2013) - History of  
Ichnology: The Origins of  Trace Fossil Taxono-
my and the Contributions of  Joseph F. James and 
Walter H. Häntzschel. Ichnos, 20(4): 181-194. doi: 
10.1080/10420940.2013.843313
Peñalver E. & Delclòs X. (2004) - Insectos del Mioceno in-
ferior de Ribersalbes (Castellón, España). Interacciones 
planta-insecto. Treballs Museu Geol. Barcelona, 12: 69-95. 
Rozefelds A.C. (1985) - The first records of  fossil leaf  mining 
from Australia. Records New Zealand Geol. Surv., 9: 80-81.
Rozefelds A.C. & Sobbe I. (1987) - Problematic insect leaf  
mines from the Upper Triassic Ipswich Coal Measures 
of  southeastern Queensland, Australia. Alcheringa, 11: 
51-57.
Scott A.C. (1991) - Evidence for plant-arthropod interactions 
in the fossil record. Geology Today, 7(2): 58-61.
Scott A.C., Stephenson J. & Chaloner W. (1992) - Interaction 
and coevolution of  plants and arthropods during the Pa-
laeozoic and Mesozoic. Philos. Trans. R. Soc. Lond., B, Biol. 
Sci., 335: 129-165.
Scott A.C., Anderson J.M. & Anderson H.M. (2004) - Evi-
dence of  plant-insect interactions in the Upper Triassic 
 Late Miocene-Pliocene linear leaf  mines from Argentina 67
Molteno Formation of  South Africa. J. Geol. Soc. London, 
161: 401-410.
Sohn J.-C., Labandeira C., Davis D. & Mitter C. (2012) - An 
annotated catalog of  fossil and subfossil Lepidoptera 
(Insecta: Holometabola) of  the world. Zootaxa, 3286: 
1-132.
Stephenson J. (1991) - Evidence of  plant/insect interactions 
in the Late Cretaceous and Early Tertiary. PhD thesis, 
University of  London, London, 378 pp.
Stephenson J. & Scott A.C. (1992) - The geological history 
of  insect-related plant damage. Terra Nova, 4: 542-552. 
doi:10.1111/j.1365-3121.1992.tb00596.x.
Straus A. (1976) - Eine Gangmine im Eocän von Messel. Auf-
schluß, 27: 445-446.
Straus A. (1977) - Gallen, Minen und andere Frassspuren im 
Pliokän von Willershausen am Harz. Verhandl. Botan. 
Vereins Provinz Brandenburg, 113: 43-80. 
Wappler T. (2010) - Insect herbivory close to the Oligocene–
Miocene transition-a quantitative analysis. Palaeogeogr., 
Palaeoclimatol., Palaeoecol., 292: 540-550.
Wappler T. & Denk T. (2011) - Herbivory in early Tertiary 
Arctic forests. Palaeogeogr., Palaeoclimatol., Palaeoecol., 310: 
283-295. doi:10.1016/j.palaeo.2011.07.020 
Wappler T., Currano E.D., Wilf  P., Rust J. & Labandeira C.C. 
(2009) - No post-Cretaceous ecosystem depression in 
European forests? Rich insect-feeding damage on di-
verse middle Palaeocene plants, Menat France. Proc. R. 
Soc. Lond., B276: 4271-4277.
Winkler I.S., Labandeira C.C., Wappler T. & Wilf  P. (2010) 
- Distinguishing Agromyzidae (Diptera) leaf  mines 
in the fossil record: New taxa from the Paleogene of  
North America and Germany and their evolutionary 
implications. J. Paleontol., 84: 935–954. http://dx.doi.
org/10.1666/09–163.1
Zherikhin V.V. (2002) - Insect trace fossils. In: Rasnitsyn A.P. 
& Quicke D.L.J. (Eds) - History of  Insects: 303-324. 
Kluwer, Dordrecht.
Robledo J.M., Sarzetti L.C. & Anzótegui L.M.68
 appendIx
Ichnotaxa Formation/Age/Country Host plant 
Possible insect 
producer Reference Synonymy 
Cuniculonomus carpini Straus 
Formation?, 
Late Pliocene, 
Germany 
Carpinus betulus 
(Betulaceae) 
Agromyzidae? 
(Diptera) Straus 1977  
Phytomyzites corni Straus 
Formation?, 
Late Pliocene, 
Germany 
Cornus sp.? 
(Cornaceae) Agromyzidae Straus 1977  
Stigmellites carpiniorientalis Straus 
Formation?, 
Late Pliocene, 
Germany 
Carpinus 
orientalis 
(Betulaceae) 
Nepticulidae 
(Lepidoptera) Sohn et al. 2012 
S. carpini-
orientalis Straus 
1977 
Stigmellites heringi Kernbach 
Formation?, 
Late Pliocene, 
Germany 
Berberis sp. 
(Berberidaceae) Nepticulidae Kernbach 1967  
Stigmellites pliotityrella Kernbach 
Formation? Late 
Pliocene, 
Germany 
Fagus sp. 
(Fagaceae) Nepticulidae 
Doorenweerd et 
al. 2015 
Stigmella 
pliotityrella 
(Kernbach 
1967); 
Stigmellites 
pliotityrellus 
Sohn et al. 2012 
Stigmellites zelkovae Straus 
Formation?, 
Late Pliocene, 
Germany 
Zelkova sp. 
(Ulmaceae) Nepticulidae Straus 1977  
Cuniculonomus parallelus 
Givulescu 
Formation?, 
Late Miocene, 
Romania 
Quercus sp. 
(Fagaceae) Agromyzidae? Givulescu 1984  
Cuniculonomus saltensis  
nov. ichnosp. 
Palo Pintado 
Formation, Late 
Miocene, 
Argentina 
Cedrela 
fissiliformis 
(Meliaceae) 
Gracillariidae? 
(Lepidoptera) This paper  
Phytomyzites lethe Hering 
Formation?, 
Late Miocene, 
Germany 
? Agromyzidae This paper 
Comb nov. from 
Phytomyza lethe 
Hering 1930 
Phytomyzites querci Givulescu 
Formation?, 
Late Miocene, 
Romania 
Quercus sp. 
(Fagaceae) Agromyzidae Givulescu 1984  
Stigmellites pervenae nov. ichnosp. 
Palo Pintado 
Formation, Late 
Miocene, 
Argentina 
Schinus herbstii 
(Anacardiaceae) Nepticulidae? This paper  
Stigmellites vitatus nov. ichnosp. 
 
Palo Pintado 
Formation, Late 
Miocene, 
Argentina 
Schinus herbstii 
(Anacardiaceae) Nepticulidae? This paper  
Stigmellites sp. 
Formation?, 
Late Miocene, 
Japan 
Betula grossa 
(Betulaceae) Nepticulidae This paper Stigmella sp. 
Stigmellites almeidae Martins-Neto 
Tremembé 
Formation, 
Oligocene, 
Brazil 
cf. Symplocos sp. 
(Symplocaceae) Nepticulidae 
Doorenweerd et 
al. 2015 
Nepticula? 
almeidae 
Martins-Neto 
1989 
Stigmellites fossilis Von Heyden 
Rott Formation, 
Late Oligocene, 
Germany 
Juglans 
acuminate 
(Juglandaceae) 
Nepticulidae Kozlov 1988 
Nepticula 
fossilis Von 
Heyden 1862 
Phytomyzites schaarschmidti 
Wappler 
Messel 
Formation, 
Middle Eocene, 
Germany 
Toddalia ovata 
(Rutaceae) Agromyzidae 
Winkler et al. 
2010  
Stigmellites messelensis Straus 
Messel 
Formation, 
Middle Eocene, 
Germany 
? Nepticulidae Straus 1976  
 
Ichnospecies of  linear mines 
known in the fossil record. 
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Ichnospecies of  linear mines 
known in the fossil record. 
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Ichnotaxa Formation/Age/Country Host plant 
Possible insect 
producer Reference Synonymy 
Foliofossor cranei Jarzemwoski 
Reading 
Formation, Late 
Paleocene, 
England 
Platanus 
Schimperi 
(Platanaceae) 
Agromyzidae? Jarzembowski 1989  
Stigmellites centennis 
Jarzembowski 
Reading 
Formation, Late 
Paleocene, 
England 
Fabaceae? Nepticulidae Sohn et al. 2012 
Stigmellites? 
centennis 
Jarzembowski, 
1989 
Stigmellites gossi Jarzembowski 
Reading 
Formation, Late 
Paleocene, 
England 
dicotyledon Nepticulidae Sohn et al. 2012 
Stigmellites? 
gossi 
Jarzembowski 
1989 
Phytomyzites biliapchaensis 
Winkler, Labandeira & Wilf 
Fort Union 
Formation, 
Early 
Paleocene, USA 
Platanus 
Raynoldsii 
(Platanaceae) 
Agromyzidae Winkler et al. 2009  
Stigmellites araliae Fristch 
Perucher 
Formation, Late 
Cretaceous, 
Czech Republic 
Aralia sp. 
(Araliaceae) Nepticulidae  Kozlov 1988 
Tinea araliae 
Fristch 1882 
Stigmellites kzyldzharica Kozlov 
Beleuty 
Formation, Late 
Cretaceous, 
Kazakhstan 
Platanus ambicula 
(Platanaceae) Nepticulidae 
Doorenweerd 
et al. 2015 
Stigmellites 
kzyldzharicus 
Sohn et al. 2012 
Stigmellites samsonovi Kozlov 
Beleuty 
Formation, Late 
Cretaceous, 
Kazakhstan 
Trochodendroides 
arctica 
(Cercidiphyllaceae) 
Nepticulidae Kozlov 1988  
Stigmellites serpentina Kozlov 
Beleuty 
Formation, Late 
Cretaceous, 
Kazakhstan 
Trochodendroides 
arctica 
(Cercidiphyllaceae) 
Nepticulidae Kozlov 1988  
Stigmellites sharovi Kozlov 
Beleuty 
Formation, Late 
Cretaceous, 
Kazakhstan 
Trochodendroides 
arctica 
(Cercidiphyllaceae) 
Nepticulidae Kozlov 1988  
Stigmellites tyshchenkoi Kozlov 
Beleuty 
Formation, Late 
Cretaceous, 
Kazakhstan 
Platanus latior 
(Platanaceae) Nepticulidae Kozlov 1988  
Ophionoma digitata Krassilov 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Dewalquea 
gerofitica (family 
incertae sedis); 
Eocercidiphyllites 
glandulosus 
(Cercidiphyllaceae) 
Gracillariidae Krassilov 2008a  
Ophionoma paradroma Krassilov 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Typhacites 
negevensis 
(Typhaceae?) 
Noctuidae 
(Lepidoptera), 
Agromyzidae 
Krassilov 
2008a  
Ophionoma serranoides Krassilov 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Platydebeya 
papilionácea 
(family incertae 
sedis); Nelumbites 
aravensis 
(Nelumbonaceae) 
Tenthredinidae 
(Hymenoptera) 
Krassilov 
2008a  
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Ichnotaxa Formation/Age/Country Host plant 
Possible insect 
producer Reference Synonymy 
Ophistigmonoma crassa Krassilov 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Eudebeya angusta 
(family incertae 
sedis); Platydebeya 
papilionácea 
(Papilionaceae); 
Nelumbites 
aravensis 
(Nelumbonaceae); 
Eocercidiphyllites 
glandulosus 
(Cercidiphyllaceae) 
Bucculatricidae 
(Lepidoptera) 
Krassilov 
2008a  
Ophistigmonoma rectiserialis 
Krassilov 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Dewalquea 
gerofitica (family 
incertae sedis) 
Diptera Krassilov 2008a  
Phytomyzites arcuata Krassilov 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Dewalquea 
gerofitica (family 
incertae sedis) 
Agromyzidae This paper 
Comb. nov. from 
Ophionoma  
Krassilov 2008a 
 
Phytomyzites crucitracta Krassilov 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Platanervia 
integrifolia 
(Platanaceae) 
Gracilariidae, 
Gelechiidae 
(Lepidoptera), 
Agromyzidae 
This paper 
Comb. nov. from 
Troponoma 
Krassilov 2008a 
Stigmellites resupinata Krassilov 
 
Upper Hatira 
and Ora 
Formations, 
Middle 
Cretaceous, 
Israel 
Dewalquea 
gerofitica (family 
incertae sedis) 
Nepticulidae Doorenweerd et al. 2015 
Ophiheliconoma 
resupinata 
Krassilov 2008a 
Troponoma constricta Krassilov & 
Bacchia 
Akrabou 
Formation, 
Middle 
Cretaceous, 
Morroco 
Cocculophyllum cf. 
furcinerve 
(Lauraceae?) 
? Krassilov & Bacchia 2012  
Fossafolia offae Ding, Labandeira 
& Ren 
Yixian 
Formation, 
Early 
Cretaceous, 
China 
Liaoningocladus 
boii (family incertae 
sedis) 
 
Buprestidae 
(Coleoptera) 
Ding et al. 
2014  
Phytomyzites wardi Jud & Sohn 
Patapsco 
Formation, 
Lower 
Cretaceous, 
USA 
Vernifolium 
tenuiloba (family 
incertae sedis) 
Agromyzidae Jud & Sohn 2016  
Triassohyponomus dinmorensis 
Rozefelds & Sobbe 
Blackstone 
Formation, Late 
Triassic, 
Australia 
Heidiphyllum 
elongatum 
(Voltziaceae) 
? Rozefelds & Sobbe 1987  
Cuniculonomus tenuis Müller 
Formation?, 
Permian?, 
Germany 
Odontoperis 
lingulata 
(Schizaeaceae) 
Agromyzidae Müller 1982  
Asteronomus meandriformis Müller 
Formation?, 
Lower Permian, 
Germany 
Autunia conferta 
(Peltaspermaceae) ? Müller 1982  
Cuniculonomus subtilis Müller 
Formation?, 
Late 
Carboniferous, 
Germany 
Neuropteris 
britannica 
(Neuropteridaceae) 
Nepticulidae Müller 1982  
Ichnospecies of  linear mines 
known in the fossil record. 
